We assessed the distribution of several risk factors related to health: muscular strength (handgrip strength), cardiovascular endurance (step test), flexibility (sit and reach test), anthropometry and body composition, blood pressure, fasting plasma glucose, lipid profile, and hemoglobin in a cohort of Guatemalan adults who were born in four rural villages between 1962villages between and 1977villages between . By 2002 approximately 32% had migrated to Guatemala City or elsewhere in the country. Men are more physically fit and leaner than women. Fatness, poor physical fitness, and metabolic syndrome are highly prevalent in women living in both rural and urban areas. Risk profiles worsen with increasing age. Men who migrated to Guatemala City have lower physical fitness, greater fatness and systolic blood pressure, and worse lipid profile than men who still live in their original villages. Such a pattern was not evident in women, except that blood pressure was higher in urban women than in women who lived in their original villages.
Introduction
The epidemiologic, demographic, and nutrition transitions experienced by most developing countries are rapidly increasing morbidity and mortality rates due to non-communicable diseases, particularly cardiovascular diseases (CVD). According to the World Health Report 2004, in 2002 29.3% of the world's mortality was due to CVD [1] . Sixty-two percent of those deaths occurred in developing countries and by 2025, 75% of deaths from CVD and diabetes mellitus are expected to occur in these nations [1, 2] . CVD is already the main cause of death in Central American countries apart from Guatemala, where it is the second leading cause, after infectious diseases [3, 4] .
Unfortunately, there is a paucity of data on the prevalence of CVD risk factors in much of the developing world [2] . With respect to obesity, among women of reproductive age and children under 5 years old, using anthropometric data collected in national Demographic and Health Surveys, it has been established that obesity is a significant problem in developing countries, particularly in urban areas [5] [6] [7] . Several pathways link urbanization to increased rates of chronic diseases [8] .
Guatemala is a country suffering a double burden of disease with a recent initiation of the epidemiologic transition. The ratio of non-communicable to communicable causes of mortality increased from 0.25 to 0.76 between 1986 and 1999 [4] . An earlier report based on a portion of the present study population who were studied in 1997-98 showed that a high proportion of rural and urban women were overweight and sedentary and migration to the city increased the CVD risk of men [9] . This study updates and extends that report on body composition, blood pressure, and blood glucose and lipid profiles. The present follow-up provides a larger sample size, a wider age range, and data on a wider range of measures, including physical fitness and metabolic syndrome. Another paper in this volume includes data on behavioral risk factors for CVD, including physical activity, diet, alcohol consumption, and smoking [10] .
Data were collected as part of the Human Capital Study 2002-04, a follow-up of a longitudinal growth and development study conducted by the Institute of Nutrition of Central America and Panama (INCAP) between 1969 and 1977, in four villages in Eastern Guatemala [11] . In 2002, we attempted to trace all 2,393 individuals who had participated as children. Of the 2,393 former subjects, 272 had died, 102 were considered untraceable, and 163 had migrated out of the country. The target subject population thus consisted of 1,856 (77%) subjects known to be living in Guatemala (26-41 years of age in 2003). Of these, 68% reside in or near their native villages, 23% live in Guatemala City, and 9% live in other towns in Guatemala. Full details on subject tracing and contact, and a discussion of attrition of cohort members, are provided elsewhere [11] .
All individuals who could be contacted were invited to participate. The study protocol was approved by institutional review boards at INCAP, Emory University, and the International Food Policy Research Institute (IFPRI), and all participants provided written consent. A field team consisting of two physicians and four field workers collected all biomedical data. The field workers obtained anthropometric measurements at each subject's home. The physicians carried out a physical exam that included blood pressure measurement, assessment of physical fitness, and obtaining a finger-stick whole-blood sample. All biomedical data were collected at INCAP facilities in the study villages, at INCAP headquarters in Guatemala City, or at the homes of the migrants.
Physical fitness
Muscular strength was assessed using an isometric handgrip strength test. Handgrip strength correlates with total strength of 22 other muscles of the body [12] . The test was performed using a Lafayette dynamometer (Model 78010, Lafayette Instrument Co., Lafayette, Ind.), with the subject in the standing position, head facing straight ahead, the subject's forearm at any angle between 90° and 180° of the upper arm, and wrist and forearm at the mid-prone position. All subjects were asked to exert a maximal and quick handgrip. Two trials were allowed alternatively with each hand, with at least 30 seconds between trials. The maximal values of the dominant and non-dominant hands, expressed in Newtons, were recorded. We calculated weight-adjusted grip strength by dividing the sum of values for each hand by body weight [13] .
Cardiovascular endurance was assessed using a modified Harvard step test [14] . Subjects were instructed to avoid stimulants (tobacco, coffee, colas, chocolate, etc.) and any heavy meal within 3 hours of the test. A 40-cm height step-box was used for men and a 33-cm height was used for women. The step rate was 22.5 steps per minute and the duration of the test was 5 minutes. A metronome was set to 90 beats per minute. All subjects were encouraged to keep cadence and to finish the test. The subject sat down immediately upon completion of test and the heart rate was registered for 15 seconds, starting 15 seconds after completion of the exercise (5:15 to 5:30), using a heart rate monitor (Polar, Model Advantage XL, Finland). The carotid pulse was also obtained. Maximal oxygen consumption, expressed in ml/kg/min, was calculated from exercise recovery heart rate according to published algorithms [14] .
The sit-and-reach test was used to assess flexibility of the hamstrings, lower back, buttocks, and calf muscles, according to the method described by the American Alliance for Health, Physical Education, Recreation, and Dance (AAHPERD) [15] . The test apparatus was a wooden box with a measuring scale (cm) on its upper surface. The 23rd-cm line was exactly in line with the vertical plane of the subject's soles and heels against the front edge of the box. The technician asked each subject to remove their shoes, then sit on the floor with their feet against the box, keeping legs fully extended, and feet about shoulder-width apart. The technician held one hand on the subject's knees while the participant bent forward as much as he/she could, with arms extended and hands placed on top of each other. Four trials were allowed and the maximal value was registered in cm.
Anthropometry and body composition
Body weight, height, and waist circumference were measured using standard methods [16] . Weight was measured on subjects dressed in their normal underclothes with no shoes or objects in their pockets. The measure was taken using a digital scale (model 1582, Tanita®, Japan) with a precision of 100 grams. Height was measured to the nearest 0.1 cm, with the subjects bare footed, standing with their backs to a stadiometer (GPM, Switzerland). Waist circumference was measured at the umbilicus using a plastic inextensible measuring tape to the nearest 0.1 cm. All measurements were done twice. If the difference between the two first measurements was greater than 0.5 kg for body weight, 1.0 cm for height, or 1.5 cm for waist circumference, a third measurement was done and the two closest measurements were used. The mean of each measure was calculated. BMI was computed as weight (kg) divided by height squared (m 2 ). Overweight was defined as a BMI between 25.0 and 29.9 and obesity as a BMI equal or greater than 30.0 kg/m 2 . Percent body fat and fat free mass was estimated using predictive equations derived from a similar population using weight, height, and Physical fitness, body composition, blood pressure, and blood metabolic profile S90 waist circumference in women and weight and waist circumference in men (non-published data).
Blood pressure
Three measurements of blood pressure were taken using a digital sphygmomanometer (OMRON, Model UA-767; A & D Medical, Milpitas, CA), according to procedures described by the Pan American Hypertension Initiative in 2003 [17] . Sphygmomanometers were periodically checked for precision and accuracy. Participants were instructed to refrain from tobacco products, alcohol or caffeine in the 30 minutes preceding the measurement. Each participant sat quietly, with the left arm resting in a flat surface (arm at the level of the heart), for at least 5 minutes before the first measurement. Measurements were done at 3-to 5-min intervals. When the 2nd and 3rd measures (either systolic or diastolic pressure) did not coincide within 10 mm Hg, a fourth measurement was taken. The average of the second and third measurements was registered. If a fourth measurement was needed, the two closest readings were averaged. Blood pressure was categorized according to the classification given by the National High Blood Pressure Education Program of the United States [18] . Subjects with known hypertension were also included in the hypertension group.
Plasma glucose and lipid profile
A whole-blood sample was obtained by finger prick after an overnight fast. Plasma glucose and lipid profile were determined with an enzymatic/peroxidase dry chemistry method (Cholestech LDX System, Hayward, CA). Lipid values were calibrated against a venous blood assay at Emory University's Lipid Research Laboratory [19] . LDL cholesterol (LDL-C) concentration was calculated using Friedewald's equation. Hemoglobin concentration was measured using a portable photometer (Hemocue AB TM, Angelholm, Sweden) and anemia rates were adjusted by age, gender, and altitude. Impaired fasting glucose was defined as a plasma glucose concentration between 110 and 125 mg/dL and diabetes mellitus equal or greater than 126 mg/dL [20] . All subjects with known diabetes were also included in the latter group. Blood lipid cut-off values and metabolic syndrome were defined according to the Third Report of the US National Cholesterol Education Program [21] . Finally, anemia was defined as a hemoglobin concentration < 12.0 mg/dL for women and < 13.6 mg/dL for men, adjusted by altitude and age [22] . The blood glucose concentration of one woman who fasted for < 5 hours, and blood lipids concentrations of 60 men and 65 women who fasted for < 8 hours, were excluded from analysis.
Statistical analysis
Mean and SDs for continuous variables and percentages for categorical ones are given by gender, birth cohort, current residence (categorized as living in or near the original village, in Guatemala City, or elsewhere in Guatemala), and socioeconomic status (SES) of the respondent's parental household in 1975 (categorized as tertiles of the distribution of the first component of a principal components analysis model incorporating measures of household assets) [23] . All analyses were stratified by gender. We tested for differences among groups using ANOVA and t-test for continuous variables and 2 for categorical variables; p < .05 was used to assess significance.
Results
Muscular strength, anthropometry, and blood pressure measurements were successfully assessed in 1,312, 1,309, and 1,420 subjects, respectively, yielding a response rate between 61% and 69% in men, and between 76% and 85% in women. The flexibility, cardiovascular endurance, and blood tests were accepted and completed by fewer subjects (response rates between 52% and 58% in men, and between 61% and 77% in women). Overall, the completion rates for these modules were lower than those for other parts of the study, particularly for men in the original study villages. Table 1 stratifies by gender and birth year for all the studied variables. Men have significantly greater physical fitness (strength, cardiovascular endurance, and flexibility) and lower indicators of fatness (BMI, waist circumference, and % fat) than do women. The step test was started but not completed (< 5 minutes) by 4% of men and 24% of women. Mean systolic and diastolic blood pressure are higher in men than women, as are the proportions of subjects classified as having pre-hypertension and hypertension. There are no differences between men and women in plasma glucose and impaired glucose levels, and the prevalence of metabolic syndrome is twice as high in women as compared with men. Strength adjusted by weight decreases with age in men, whereas cardiovascular endurance diminishes with age in women. Fatness increases with age in men, but not in women. The metabolic profile and blood pressure also deteriorate with age in both genders. This is evident for systolic blood pressure, plasma glucose, and metabolic syndrome in women, and diastolic blood pressure, total cholesterol, triglycerides, and LDL-C in both genders.
Men living in their original village are fitter, leaner, and have lower blood pressure and better lipid profile than men living in Guatemala City (table 2). By contrast, differences are not as striking across these measures among women living in different settings, except S91 for blood pressure, which is lower in women living in villages as compared with women living in Guatemala City or elsewhere in Guatemala. All differences persist after adjusting for age. Amongst individuals living in villages, men and women living in Espíritu Santo have greater cardiovascular endurance and flexibility as compared with men and women in the other villages (p < .05).
In relation to respondent's parental SES in 1975, men and women in the highest tertile of parental SES have greater height and fat free mass than the other groups (p < .05). Women in the lowest parental SES group have greater flexibility (p < .05), and lower LDL concentration (p < .05) than women in the other SES groups (not shown).
Discussion
A small difference in age (7 ± 3 years between birth cohorts) is sufficient to generate observable disparities in CVD risk profiles, which deteriorate with age. A very high proportion of women are overweight or obese (62%, mean percent fat = 39 ± 5, 91.6% with high waist circumference), regardless of age and with no differences between women living in their original villages (rural setting, 65%, mean percent fat = 39 ± 6, 91.0% with high waist circumference) and women living in Guatemala City (urban setting, 62%, mean percent fat = 38 ± 5, 91.4% with high waist circumference). The high prevalence of fatness seems to be recent, because a sample studied 5 years ago, at age 19-29 years showed that only 24% of women were overweight or obese, compared with 65% in the younger group in the present study, who are now 26-34 years old [9] . This increment in fatness has started to modify other CVD risk factors, reflected by the metabolic syndrome that is already present in one-third of women. In the case of men, although the proportion who are overweight or obese is less than that observed in women (41%, mean percent fat 26 ± 5), it has increased just as quickly (the study based on data 5 years ago reported that 11% of men were overweight or obese) [9] . One important result in men is that those living in their birth villages have significantly better CVD risk profiles than those living in Guatemala City (table 2) .
The data on diet and physical activity level (PAL) reported elsewhere in this supplement [10] are consistent with our results. In men, those who live in the villages are not only leaner and more fit, but also have higher PAL, mainly related to more physically demanding primary occupations. Relative to men, women are less likely to be engaged in wage employment or own-agriculture and more likely to operate their own home-based businesses and their PAL values were low. Furthermore, all men and women seem to be in positive energy balance (they report greater energy dietary intake than PAL) [10] , which may explain the high proportions of overweight and obese subjects. These suggestive results indicate links between occupation and CVD risk. More research is needed in this area.
The 2002 Guatemalan Maternal and Child Health National Survey showed that 13.8% of women (15-49 years old) and 6.8% of men (15-59 years old) are obese nationwide, and 18.0% and 4.7% in the geographical region where the original study villages are situated [24] . In an urban municipality of Guatemala (Villa Nueva) 18% and 9% of women and men (20-39 years old) are obese (personal communication, M. Ramírez-Zea). These data are broadly consistent with results presented here with disparities possibly related to the differences in the age groups studied. The Villa Nueva study also shows similar proportions of other CVD risk factors for men and women as compared with the proportions described in this paper for residents in Guatemala City (hypertension 4% and 4%, diabetes 6% and 2%, high total cholesterol 36% and 23%, metabolic syndrome 9% and 21%) (personal communication, M. Ramírez-Zea). While the population studied in the current paper is not representative at the regional or national level, the correspondence with other data is reassuring.
Cardiovascular endurance should be considered a CVD risk factor, distinct from physical inactivity, since the reduction in relative risk is nearly twice as great for cardiovascular endurance than for physical activity [25] . If we classify those who did not complete the step test as having poor fitness, 20% of men and 47% of women had a low cardiovascular fitness level when compared against a reference population from a developed country [26] . Unfortunately, there is a lack of data on similar populations and on the validity of the association among CVD risk and cardiovascular fitness and other physical fitness components (e.g., muscular strength and flexibility) in different ethnic groups.
People who maintain their muscular strength and flexibility are more likely to accomplish daily activities, have less risk of developing low-back pain and other muscle, tendon, and joint injuries, and have better balance, coordination, and agility, which in turn may help to prevent falls [27, 28] . Resistance training has effects similar to those of cardiovascular endurance training on bone mineral density, glucose tolerance, and insulin sensitivity [29] . When compared with a US population, men in the present study have lower muscular strength (age-adjusted median handgrip strength at the 30th percentile) and women higher (age-adjusted median handgrip strength at the 60th percentile) [13] . By contrast, 54% of women and 25% of men are below the average category for flexibility of norms developed in Canada [30] . These results suggest that the studied population is at elevated risk for health problems related to their poor fitness level.
In conclusion, the prevalence of fatness and low Physical fitness, body composition, blood pressure, and blood metabolic profile S92 c. Includes known cases with the disease. d. Three or more of the following: waist circumference > 102 cm for men and > 88 cm for women; triglycerides 150 mg/dL; HDLC < 40 mg/dL for men and < 50 mg/dL for women; blood pressure 130/85 mmHg; and fasting glucose 110-125 mg/dL. e. < 12.0 for women and < 13.6 for men, adjusted for altitude and age.
Physical fitness, body composition, blood pressure, and blood metabolic profile S96 physical fitness is high in individuals living in rural and urban settings in Guatemala, particularly among women. The consequences for other CVD risk factors are becoming manifest as metabolic syndrome in the third and fourth decades of life. Rural living is associated with reduced prevalence of these risk factors in men; it is likely that this is related to their more physically demanding occupations.
